Introduction
Hypopharyngeal squamous cell carcinoma (HSCC) is one of the most lethal malignancies in head and neck. Currently, the most effective treatment approaches for HSCC are surgical resection, radiotherapy, and chemotherapy, alone or in combination. In spite of the development of various treatments for HSCC, the 5-year survival rate submit your manuscript | www.dovepress.com
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Tian et al of patients with HSCC has not been improved dramatically. Uncontrolled tumor metastasis is one of the main reasons for the poor prognosis of HSCC. Therefore, it is urgent to elucidate new and most effective molecular targeted therapies on metastasis.
The Notch1 signaling pathway is an evolutionarily conserved intracellular signaling, which plays vital roles in both cell differentiation and cell-fate determination processes. 1, 2 Recently, an increasing number of studies have demonstrated that the expression of Notch1 is deregulated in various cancers, such as cervix cancer, 3 colon cancer, 4 brain carcinoma, 5 and head and neck squamous cell carcinomas (HNSCC). 6, 7 Aberrant Notch signaling has been associated with pathogenic conditions such as carcinogenesis, 8 tumor cell growth, 9 migration, invasion, [9] [10] [11] and angiogenesis. 12 Notch expression correlates to the poor prognosis of cancer patients and serves as an early predictive biomarker and a prognostic biomarker for the occurrence and development of HNSCC. 8, 13, 14 EGFR is a transmembrane protein receptor with tyrosine kinase activity that triggers numerous signaling pathways. The overexpression of EGFR has been found in many human tumors 15 and has been reported to be a negative prognostic factor. 16, 17 Activation of the EGFR signal alters protein expression, which results in the enhancement of tumor cell proliferation and suppression of apoptosis, angiogenesis, and invasion. 18, 19 The Notch1 and EGFR pathway are ubiquitous in tumorigenesis and progression, and Notch1 has been shown to upregulate EGFR expression in gliomas. 20 However, the role of Notch signaling in the metastasis of HSCC remains not fully discovered and the interaction of Notch1 and EGFR expression is not investigated in HSCC.
In this study, we investigated that the expression of Notch1 was upregulated in HSCC cancer tissues and proved significant correlation with clinicopathological features and poor overall survival (OS). Furthermore, we explored a novel cross-talk mechanism between Notch1 and EGFR and investigated the role of this linkage in the metastasis of HSCC.
Patients and methods
Patients and tissue samples
Formalin-fixed paraffin-embedded tissue specimens were obtained from 71 patients who suffered from HSCC and underwent surgery at the Department of Otorhinolaryngology-Head and Neck Surgery in Shandong Provincial Hospital Affiliated to Shandong University, Jinan, China. The inclusion criteria of this study were as follows: 1) previously untreated hypopharyngeal cancer, 2) histologically proven squamous cell carcinoma, and 3) curative-intent surgical treatment and postoperative adjuvant radiotherapy. The exclusion criteria were as follows: 1) recurrent tumor, 2) distant metastasis at the initial visit, and 3) treatment for other cancers. Of the 71 patients, 67 patients were men and four patients were women. The median age of patients was 57.86 years (range, 44-72 years). Seventy-one HSCC cancer tissue samples were collected from June 2010 to September 2014. Adjacent noncancerous tissue samples were collected at the same time. None of the patients had received chemical therapy or radiotherapy prior to surgery. All patients were followed up by telephone or history inquiry; clinicopathological, demographic, and radiological data were collected from the electronic records. Distant metastases were defined as follows: all cases are recommended to undergo enhanced computed tomography (CT) or brain contrast-enhanced magnetic resonance imaging. According to the diagnostic criteria of lung metastases or brain metastases, 30 cases with lung/brain metastases were included and 41 cases with nonlung/brain metastases were matched with metastases cases. The study was approved by the ethics committee of Shandong University (Jinan, China). All patients received detailed pretest counseling and provided written informed consent for the test.
immunohistochemical (ihc) analysis
The quality of tumor/adjacent noncancerous tissue was monitored under the guidance of a clinical pathologist. All tissue slides were deparaffinized and rehydrated, and antigen retrieval was done by incubating the slides at 95°C for 20 minutes in Target Retrieval Solution (ZSJB-BIO The experiments on RNA interference were performed using Notch1 siRNA (si-Notch1). si-Notch1 and siRNA negative control (siRNA-NC) were purchased from GenePharma (Shanghai, China). FaDu cells were transiently transfected with 100 nM siRNA. The sequences for si-Notch1 were as follows: sense strand 5′-UCG CAU UGA CCA UUC AAA CUG GUGG-3′ and antisense strand 5′-CCA CCA GUU UGA AUG GUC AAU GCGA-3′. FaDu cells were transfected with siRNA using the Lipofectamine 3000 Reagent (Thermo Fisher Scientific) according to the manufacturer's protocol. Cells were harvested 1-2 days after transfection.
rna extraction and quantitative realtime Pcr (rT-Pcr)
Total RNA was extracted using the TRIzol reagent (Thermo Fisher Scientific). cDNAs were obtained using the RevertAid First Stand cDNA Synthesis kit (Thermo Fisher Scientific). RT-PCR was performed in triplicate using the SYBR Premix Ex Taq (Takara, Dalian, China), and β-actin was used as an internal control. The PCR primers used for quantitative RT-PCR were as follows: Notch1, 5′-GAA TGG TCA ATG CGA GTG G-3′ (forward) and 5′-TGG CAG CAA GGC TAC TGT G-3′ (reverse); EGFR, 5′-TTG CCG CAA AGT GTG TAA CG-3′ (forward) and 5′-GTC ACC CCT AAA TGC CAC CG-3′ (reverse); YBX1, 5′-AAG TGA TGG AGG GTG CTG AC-3′ (forward) and 5′-TTC TTC ATT GCC GTC CTC TC-3′ (reverse); and β-actin, 5′-CCA ACC GCG AGA AGA TGA-3′ (forward) and 5′-CCA GAG GCG TAC AGG GAT AG-3′ (reverse).
Western blots
Afterward, cells were collected and washed with PBS with protease inhibitors before protein extraction. Total cell lysates (20 µg) were assessed by Western blot using standard procedures. Protein levels in all experiments were normalized to β-actin. The following primary antibodies were used: Notch1 (diluted 1:1,000; Cell Signaling Technology, Danvers, MA, USA), EGFR (diluted 1:10,000; Santa Cruz Biotechnology, Inc.), YBX1 (diluted 1:1,000; Cell Signaling Technology), p-YBX1 (diluted 1:1,000; Cell Signaling Technology), and β-actin (diluted 1:40,000; Sigma-Aldrich Co., St Louis, MO, USA).
cell migration and invasion assays
To examine the function of Notch1 in HSCC motility, we used transwell chambers. For transwell migration assays, FaDu cells in exponential growth were harvested, washed, and suspended in DMEM without FBS. Cells (1×10 5 /100 µL) were seeded into the upper chambers (8 µm pore size) in 24-transwell cell culture dishes. The lower chamber was filled with 600 µL of DMEM with 10% FBS. Cells were permitted to migrate for 24 hours. After the incubation, stationary cells were removed from the upper surface of the membranes. The cells that had migrated to the lower surface were fixed and stained with 0.1% crystal violet, counted from five random fields, and averaged. Experiments were repeated three times.
Cell invasion was investigated using the same protocol as for cell transwell migration but with the use of Matrigel (BD Biosciences, San Jose, CA, USA) precoated cell culture inserts. In brief, 1×10
5 cells in 100 µL of DMEM without FBS were seeded into the upper chambers of 8 µm pore transwells. For the assay of invasion through a Matrigel barrier, cells were permitted to invade for 36 hours. Invasive cells were fixed, stained, counted, and averaged.
statistical analysis
All data in the present study were obtained from three independent experiments and are expressed as mean ± SD. Mann-Whitney U-test was performed to compare Notch1 and EGFR expression in the tumor tissues and paired adjacent normal tissues. Cell proliferation, migration, and invasion assays were analyzed by Student's t-test. One-way ANOVA, Wilcoxon rank-sum test, rank correlation, Chi-squared test, and survival analysis (Kaplan-Meier) were used to evaluate the differences between multiple comparisons. All analyses were performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). P,0.05 was considered a statistically significant difference.
Results
ihc expression of notch1 and egFr in hscc
Aberrant Notch1 is highly associated with oncogenesis in many types of human cancers. To investigate whether the level of Notch1 expression affects tumorigenesis of HSCC, the expression of Notch1 in HSCC was determined by IHC analysis (Figure 1 ). According to the results of staining evaluation, the expression of Notch1 can be seen from both cytoplasm and nuclei of tumor cells in HSCC. Notch1 was found in the majority of HSCC cancer tissues evaluated, and submit your manuscript | www.dovepress.com
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The EGFR protein expression of all HSCC tissues were assayed by IHC method. The immunostaining of EGFR was High expression of Notch1 is significantly associated with distant metastasis in patients with hscc
As shown in Table 1 , the association between Notch1 expression and clinicopathological characteristics, including tumor location, differentiation, tumor T/N stage, and distant metastasis, was evaluated. The results showed that high level of Notch1 expression was positively correlated with the status of histological differentiation of HSCC (P=0.031). Present data show that the differences between Notch1 expression and the status of clinical stage as well as N classification were not significant (P.0.05). Additionally, there was no correlation between Notch1 overexpression and tumor location (P.0.05).
Pulmonary and brain metastases are the most frequent distant metastases of HSCC patients. In the HSCC patients, Notch1 expression significantly correlated with distant metastasis (P=0.003). Of the 48 samples ++/+++ positive for Notch1 in cancer tissue of HSCC patients, 24 (50.00%) samples were also found to be positive for distant metastases. Correspondingly, of the 23 samples -/+ positive for Notch1 expression, six (26.09%) samples were also found to be positive for distant metastases.
The overexpression of notch1 is related to unfavorable prognosis for hscc
The overall 3-and 5-year survival rates were 54.93 and 35.43%, respectively, in these patients. To further evaluate the prognostic value of Notch1 in HSCC patients, the Kaplan-Meier estimator model analysis was performed (Figure 2 Figure 3B ). Because of these results, cell invasion assay and migration assay were performed with si-Notch1 or siRNA-NC to ignore the influence of cell viability.
To address whether Notch1 participates in the invasion and migration of HSCC, we first examined the migration capability of FaDu cells after verifying the downregulation of Notch1 expression by siRNA. By the migration assay, the mean number of migratory Notch1-knockdown cells was compared with that of the controls. We found that si-Notch1-transfected FaDu cells exhibited a significant decrease in the migratory potential as compared to the control cells ( Figure 3C -a/b, P,0.01). The invasive characteristics of Notch1-knockdown cells were then investigated using invasion assay. Following cell invasion assay, we found that silencing Notch1 also inhibited the invasion capability in those si-Notch1-transfected cells ( Figure 3C -c/d, P,0.01). These results indicated that downregulated Notch1 may have a negative correlation with HSCC cell migratory and invasive potential.
Downregulation of notch1 suppressed the activation of intracellular YBX1-egFr signaling pathways
To begin uncovering mechanisms mediating the influence of Notch1 signaling on the metastasis of HSCC, we initially investigated the expression of EGFR. Following the cells transfecting with si-Notch1, we detected the expression of EGFR in the mRNA and protein levels in different treatments of cells. As shown in Figure 4A , the level of EGFR mRNA expression was decreased significantly following siRNA transfection. This result was further confirmed by Western blot analysis ( Figure 4C, P,0.05) .
It has been reported that YBX1 can directly bind to the regulatory regions of EGFR. To further examine whether the YBX1 was involved in the Notch1-induced EGFR regulation in FaDu cells, we employed RT-PCR and Western blot analyses to investigate the expression of YBX1. We identified that the expression of YBX1 was markedly inhibited both at the mRNA and protein levels in si-Notch1 FaDu cells compared with control group (Figure 4B and C, P,0.05) . In addition, the results of our study showed that Notch1 knockdown decreased the expression of p-YBX1 (P,0.05). However, the difference between the loss in pYXB1 with respect to total YXB1 was not significant.
YBX1 overexpression reverses the decrease in egFr after notch1 knockdown and upregulates the invasion of FaDu cells
YBX1 is well understood to regulate EGFR expression. To further investigate the possible role of YBX1 in Notch1-associated signaling pathways, we next addressed whether improving YBX1 activation with the gene overexpression would impact the expression of its target gene EGFR,. As shown in Figure 5 , the relative protein expression levels of YBX1 in FaDu cells co-transfected with si-Notch1 and YBX1 expression vectors were significantly higher than levels in control cells (P,0.05). To further support this observation, we examined p-YBX1 protein level. The expression of p-YBX1 protein level was elevated after 48 hours treatment with YBX1 overexpressing system compared with the control groups. Similarly, 48 hours treatment with the YBX1 overexpressing system resulted in a marked increase in EGFR protein levels.
We further examined the invasion capability of FaDu following cotransfection. Compared with negative control groups, after cotransfection with si-Notch1 and YBX1 expression vectors for 36 hours, the inhibition of cell invasion in the co-transfection group was reversed (P,0.01). Invasion analysis demonstrated that the invasive rate increased to a higher extent in the co-transfection group relative to the other group at 48 hours after co-transfection. Present data further confirm that the downregulation of Notch1 was able Figure 2 The notch1 expression was an independent prognostic factor for overall survival by multivariate analyses. Note: Furthermore, compared with low expression cases (-/+), the overexpression (++/+++) of notch1 in hscc tissues had a poor prognosis with a low overall survival rate. Abbreviation: hscc, hypopharyngeal squamous cell carcinoma.
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Tian et al Figure 4 The expression of EGFR and YBX1 were significantly inhibited after si-Notch1 transfection. Notes: (A and B) The RNA levels of EGFR and YBX1 by real-time PCR assay (*P,0.05). (C) The protein levels of EGFR, YBX1, and p-YBX1 by Western blot assay (*P,0.05, ***P,0.001). Abbreviation: si-notch1, notch1 sirna. 
Discussion
Although surgical and treatment measures have developed overtime, the long-term survival rate of HSCC patients has not been improved dramatically. Based on clinical observations, the lack of effective treatment for the metastasis of HSCC has become a major obstacle in improving survival rates. Therefore, it is urgent to elucidate the molecular mechanisms of postoperative metastasis and explore new therapeutic strategies. Over the past decade, the tumorigenic potential of aberrant Notch1 signaling has been implicated in a wide variety of epithelial cancer types. The Notch signaling pathway is involved in the carcinogenesis, progress, invasion, and neovascular formation of many malignant tumors. [20] [21] [22] However, the role of Notch signaling in HNSCC remains inadequately defined and is often controversial. Some studies implicated Notch as a pro-oncogenic signaling pathway in HNSCC. 23, 24 In contrast, other studies suggested that Notch is tumor suppressive, Agrawal et al 25 reported that Notch1 may function as a tumor suppressor gene rather than an oncogene in HNSCC.
It has been well identified that Notch1 is related to a wide diversity of essential biological processes in tumor, such as histological differentiation, tumor invasion, and lymph node status. The relationship between Notch1 expression levels and certain clinicopathological parameters was evaluated. We found a significant overexpression of Notch1 in tumor samples of HSCC compared with normal hypopharyngeal epithelium samples. Additionally, further clinical feature analysis found that the overexpression of Notch1 was significantly associated with poor differentiation of tumor tissue. Previous report showed that Notch1 expression level in tumor samples is directly correlated with the invasiveness of the malignant lesions, represented by tumor stage/grade. 20, 23 OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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Interestingly, the differences of Notch1 expression correlated to tumor invasion and lymph node status were not significant in the our present data.
Prognostic biomarker provides useful information for clinical treatment and it is conducive for identifying patients who have a higher risk of recurrence or poor outcome. In the current study, the potential role for Notch1 as a HSCC prognostic biomarker was demonstrated. Distant metastasis is one important aspect of tumor recurrence, accounting for the main cause for the death of HSCC patients. Our results showed that the elevated expression of Notch1 was much more in the distant metastasis group than in the nondistant metastasis group. These data indicated that Notch1 may participate in the development of postoperative distant submit your manuscript | www.dovepress.com
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Tian et al metastasis of HSCC. Further clinical feature analysis found that the analysis of Notch1 expression may be helpful for the prognosis assessment of HSCC. Higher expression of Notch1 was associated with poor 3-year OS rates compared with low Notch1 cases. This is in concordance with previous studies in which the overexpression of Notch1 was described in HNSCC. 20, 23, 24 Understanding the molecular mechanisms underlying HSCC initiation and tumor evolution is important to delay tumor progression and improve prognosis. To address the potential role of Notch1 signaling in the metastasis of HSCC, HSCC cell line FaDu was used and treated with the Notch1-specific siRNA to block Notch1 activity. Once the Notch1 expression was blocked by siRNA, the invasion and migration capabilities of FaDu cells were suppressed simultaneously. These results suggested that the inhibition of Notch1 may play a negative role to both the invasion and migration capabilities of FaDu cells. Our data also proved that the Notch1 signaling may be vital in the distant metastasis of HSCC.
EGFR-mediated aberrant signaling transduction is crucial in HNSCC tumorigenesis and progression. 26 Previous study reported that the aberrant Notch signaling pathway interacted with other signaling pathways, such as P53, and EGFR. 27 Several types of evidence indicated that Notch pathway could regulate transcription of the EGFR through TP53 20 and induce apoptosis through a p53-dependent pathway, which also involved in EGFR. 28 As shown in our present study, we also observed a substantially downregulated EGFR mRNA and protein expression in Notch1-knockdown cells. The Notch1-related regulation of EGFR is unquestionably complex. These findings highlight the linkage between the activation of Notch signaling and EGFR, but the mechanisms of interactions between Notch and EGFR signaling in FaDu cells still require further exploration.
YBX1 is an oncogenic transcription factor and it can directly bind to the regulatory regions of EGFR. 29 Previous studies have suggested that elevated expression of YBX1 consequently induced EGFR. 30 In agreement with the results of EGFR expression, we demonstrated that the inhibitions of Notch1 can downregulate YBX1 and p-YBX1 expression. Given this result, these findings led us to hypothesize that YBX1 may be positively cross-linked with Notch1-regulated EGFR expression. To confirm the YBX1-dependent regulation of the EGFR, we found that ectopic expression of YBX1 resulted in substantial reversion on the suppression of EGFR expression after Notch1 knockdown. And the upregulation of YBX1 induced the invasion of FaDu. All these findings indicate that YBX1 is also a mediator of EGFR expression and cancer cell metastasis regulated by Notch1.
Conclusion
In the present study, our results demonstrated the significant overexpression of Notch1 in the HSCC cancer tissues than in the adjacent normal hypopharyngeal epithelium tissues. Further clinical feature analysis found that the high level of Notch1 expression in HSCC cancer is directly correlated with poor OS rates, distant metastasis, and tumor differentiation. The downregulation of Notch1 was able to inactivate EGFR by regulating YBX1, which resulted in the inhibition of HSCC cell invasion and migration. Together, these findings collectively demonstrate the critical role of Notch1 as a prognostic factor and a potential target to inhibit the metastasis of HSCC.
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